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Objective: To identify potentially confounding variables for the interpretation of plasma N-terminal pro
brain natriuretic peptide (NT-proBNP).
Design: Randomly selected subjects filled in a heart failure questionnaire and underwent pulse and
blood pressure measurements, ECG, echocardiography, and blood sampling.
Setting: Subjects were recruited from four Copenhagen general practices located in the same urban
area and were examined in a Copenhagen University Hospital.
Patients: 382 women and 290 men in four age groups: 50–59 years (n = 174); 60–69 years
(n = 204); 70–79 years (n = 174); and > 80 years (n = 120).
Main outcome measures: Associations between the plasma concentration of NT-proBNP and a
range of clinical variables.
Results: In the undivided study sample, female sex (p < 0.0001), greater age (p < 0.0001), increasing dyspnoea (p = 0.0001), diabetes mellitus (p = 0.01), valvar heart disease (p = 0.002), low heart
rate (p < 0.0001), left ventricular ejection fraction < 45% (p < 0.0001), abnormal ECG
(p < 0.0001), high log10[plasma creatinine] (p = 0.0009), low log10[plasma glycosylated haemoglobin A1c] (p = 0.0004), and high log10[urine albumin] (p < 0.0001) were independently associated
with a high plasma log10[plasma NT-proBNP] by multiple linear regression analysis.
Conclusions: A single reference interval for the normal value of NT-proBNP is unlikely to suffice. There
are several confounders for the interpretation of a given NT-proBNP concentration and at the very least
adjustment should be made for the independent effects of age and sex.

N

atriuretic peptides are gaining increased recognition as
diagnostic markers in heart failure, and brain natriuretic peptide (BNP)1 2 and its amino terminal portion,
N-terminal pro brain natriuretic peptide (NT-proBNP)3—
which may have advantages because of its greater stability4—
have proved especially promising. Concentrations of BNP and
NT-proBNP are related to left ventricular filling pressures5 and
wall stress.6
All previous studies of the diagnostic value of BNP in heart
failure, whether focusing purely on left ventricular systolic
dysfunction7–10 or on a clinical diagnosis of heart failure,11 12
have consistently reported a very high negative predictive
value of BNP (0.98 to 1.00), while the positive predictive value
has been lower (0.16 to 0.42). The high negative predictive
value makes BNP appear well suited for population screening;
however, the low positive predictive value may pose a problem
in any population screening or diagnostic setting because of
the large number of false positive results that are likely to be
found.
Our aim in this population based study was to try to identify potentially confounding variables for the interpretation of
the plasma concentration of NT-proBNP, which might lead to
better diagnostic performance of the marker.

METHODS
Patients
The study sample was recruited from four Copenhagen
general practitioners located in the same urban area. The sole
inclusion criterion was age between 50–90 years. Exclusion
criteria were inability to cooperate (for example, because of
dementia), residence in a nursing home, and lack of response
to two written invitations.

Study design
In order to obtain a sufficient number of elderly subjects, the
study sample was stratified to include at least 120 subjects in
each decade. An invitation to participate in the study was sent
to all persons between 50–90 years of age assigned to the first
two general practitioners. From the third practice, all persons
aged 60–90 years were invited, and from the last practice, all
persons aged 80–90 years. Seventy per cent of those invited
participated in the study. The attendance was higher among
younger individuals (approximately 75%), while it was
approximately 50% in the oldest decade. The study was
designed to be representative of the background population in
Copenhagen by compensating for the lower response rate in
the older age groups through oversampling in those groups.
Subjects from general practitioners 1 and 2 entered the
study in the autumn of 1997; they completed a questionnaire
and had echocardiography and a blood pressure measurement. They were recalled by the autumn of 1998 (n = 424),
when they had an ECG and a blood sample was taken.
Subjects from general practitioners 3 (n = 207) and 4
(n = 41) had all the investigations in the autumn and winter
of 1998-99. Thus all the subjects in the study had each investigation done once.
The local ethics committee approved the study and the
patients gave their written informed consent.
Heart failure questionnaire
All subjects filled in a heart failure questionnaire on their
medical history, symptoms, drug history, and alcohol and
tobacco consumption. Symptoms of heart failure were
recorded from questions on ankle swelling and breathlessness
(self reported). The degree of breathlessness was recorded
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Clinical characteristics of the subjects in the study

Characteristic

Demography
Men/women
Age (years)
50–59
60–69
70–79
>80
Median (5th to 95th centiles)
Current daily smoker
Clinical history
Dyspnoea¶¶
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6
Median (5th to 95th centiles)
Ankle oedema
Ischaemic heart disease
Hypertension
Angina
Diabetes mellitus
Insulin treated
Non-insulin dependent
Pulmonary disease
Valvar heart disease

All subjects (n=672)

“Normal” subjects¶
(n=130)

290 (43%) / 382 (57%)

53 (41%) / 77 (59%)

174 (26%)
204 (30%)
174 (26%)
120 (18%)
68.1 (52.6 to 86.1)
237 (35%)

59 (45%)
45 (35%)
19 (15%)
7 (5%)
61.0 (51.8 to 80.4)‡
51 (39%)

84 (13%)
51 (8%)
47 (7%)
14 (2%)
23 (3%)
1 (1 to 5)
155 (23%)
96 (14%)
169 (25%)
83 (12%)

11 (8%)
6 (5%)
1 (1%)
0 (0%)
1 (1%)
1 (1 to 3)‡
17 (13%)†
–
–
–

7 (1%)
36 (5%)
74 (11%)
10 (1%)

–
–
–
–

75.4
144
86.6
56.9

73.8
124
79.2
44.8

Measurements§
Heart rate (beats/min)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Pulse pressure (mm Hg)
Left ventricular ejection fraction (%)
<50
<45
<40
<35
Median (5th to 95th centiles)
NT-proBNP (pmol/l) (geometric mean)
HbA1c (%) (geometric mean)
Creatinine (µmol/l) (geometric mean)
Urine albumin (%) (geometric mean)
Atrial fibrillation (n (%))
Abnormal ECG¶¶¶ (n (%))

77 (11%)
58 (9%)
38 (6%)
21 (3%)
60 (40 to 60)
35.7 (32.8 to
5.60 (5.55 to
84.6 (83.3 to
9.06 (8.35 to
24 (4)
197 (29)

Drug treatment§§
Diuretics
Loop
Others
ACE inhibitor
Angiotensin II blocker
β Blocker
Calcium antagonist
Nitrates
Digoxin
Aspirin

37 (6)
82 (12)
42 (6)
12 (2)
30 (5)
39 (6)
26 (4)
25 (4)
112 (17)

(74.4 to 76.4)
(142 to 145)
(85.6 to 87.5)
(55.4 to 58.3)

38.9)
5.66)
85.8)
9.82)

(71.7 to 75.8)
(122 to 126)‡
(77.9 to 80.4)‡
(43.0 to 46.5)‡

–
–
–
–
60 (60 to 60)‡
18.7 (15.9 to 22.1)‡
5.38 (5.31 to 5.46)‡
82.1 (79.8 to 84.4)*
6.13 (5.33 to 7.04)‡
–
–

–
–
–
–
–
–
–
–
10 (8)†

Differences between groups are not significant unless indicated. *p<0.05; †p<0.005; ‡p<0.0001, “normal”
v remainder of subjects.
¶Definition of “normal”: no congestive heart failure, no ischaemic heart disease, no history of hypertension,
no diabetes, no lung disease, no cardiovascular drug treatment, left ventricular ejection fraction > 60%,
blood pressure <140/90 mm Hg, and a normal ECG.
¶¶Dyspnoea classified according to WHO: grade 2, dyspnoea on vacuum cleaning or climbing one flight of
stairs; grade 3, dyspnoea when walking on an even road; grade 4, dyspnoea on minimal exertion; grade 5,
orthopnoea; grade 6, dyspnoea at rest.
¶¶¶Abnormal ECG: presence of arrhythmias, ST deviation, Q waves, hypertrophy, or abnormal left
ventricular axis (according to the Minnesota code).
§Values are mean (95% confidence interval) unless indicated.
§§Values are n (%).
ACE, angiotensin converting enzyme; HbA1c, glycosylated haemoglobin; NT-proBNP, N-terminal pro brain
natriuretic peptide.

from the questionnaire using the World Health Organization
classification (grade 1, no dyspnoea; grade 2, dyspnoea when
vacuum cleaning or climbing stairs to the next floor; grade 3,
dyspnoea when walking on an even road; grade 4, dyspnoea
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on minimum exertion; grade 5, orthopnoea; grade 6, dyspnoea
at rest). Self reported medical history was recorded from
questions on hospital admissions (with special emphasis on
admissions for heart failure, pulmonary oedema, and
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Variable included in multiple linear
regression models

Regression coefficient: all
subjects (n=672)

Regression coefficient:
“normal” subjects¶ (n=130)

Sex (0=female; 1=male)
Age (years)

−0.177 (0.031), p<0.0001
0.018 (0.002), p<0.0001

−0.197 (0.061), p=0.002
0.020 (0.003), p<0.0001

Dyspnoea¶¶
Ankle oedema
Ischaemic heart disease
Hypertension
Diabetes mellitus
Pulmonary disease
Valvar heart disease

0.045 (0.012), p=0.0001
NS
NS
NS
0.175 (0.068), p=0.01
NS
0.370 (0.119), p=0.002

NS
NS
–
–
–
–
–

Heart rate (beats/min)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Pulse pressure (mm Hg)
LV ejection fraction <45%
Abnormal ECG¶¶¶
log10[plasma creatinine] (µmol/l)
log10[plasma HbA1c] (%)
log10[urine albumin] (%)

−0.005 (0.001), p<0.0001
NS
NS
NS
0.207 (0.052), p<0.0001
0.180 (0.033), p<0.0001
0.262 (0.079), p=0.0009
−0.473 (0.132), p=0.0004
0.085 (0.015), p<0.0001

NS
NS
−0.012 (0.004), p=0.007
NS
–
–
NS
NS
NS

Values are regression coefficient estimates (SE). Dependent variable: log10[N-terminal pro brain natriuretic
peptide] (pmol/l). Intercepts (SE) in model including all subjects and in model including only normal subjects
were 0.020 (0.397) (NS) and 1.066 (0.441) (p = 0.02), respectively. Coding of dichotomous variables: 0,
absence of condition; 1, presence of condition.
¶Definition of “normal”: no congestive heart failure, no ischaemic heart disease, no history of hypertension,
no diabetes, no lung disease, no cardiovascular drug treatment, left ventricular ejection fraction >60%,
blood pressure < 140/90, and a normal ECG.
¶¶Dyspnoea classified according to WHO: grade 2, dyspnoea on vacuum cleaning or climbing one flight of
stairs; grade 3, dyspnoea when walking on an even road; grade 4, dyspnoea on minimal exertion; grade 5,
orthopnoea; grade 6, dyspnoea at rest.
¶¶¶Abnormal ECG: presence of arrhythmias, ST deviation, Q waves, hypertrophy, or abnormal left
ventricular axis (according to the Minnesota code).
HbA1c, glycosylated haemoglobin; LV, left ventricular.

myocardial infarction), history of ischaemic heart disease
(previous myocardial infarction and/or angina), history of
hypertension, and history of diabetes mellitus (insulin treated
or non-insulin-dependent). Each questionnaire was evaluated
immediately after it was completed and where there were any
omissions or inconsistencies the subjects were contacted by
telephone to ensure the highest possible data quality.

Measurements
Heart rate and blood pressure were measured and a 12 lead
standard ECG was recorded and evaluated according to the
Minnesota code. Using predefined criteria (absence of
arrhythmias, ST deviation, Q waves, hypertrophy, or abnormal
left ventricular axis), each ECG was classified as either normal
or abnormal.

Table 3 Geometric mean concentrations of N-terminal pro brain natriuretic peptide
in different age and sex groups in the undivided study sample
Age
(years)
All

50–59

60–69

70–79

>80

Sex

N

NT-proBNP (pmol/l)*

All
Women
Men

672
382
290

35.7 (32.8 to 38.9)
42.6 (38.2 to 47.4)
28.5 (25.0 to 32.6)

All
Women
Men

174
90
84

16.1 (14.0 to 18.6)§
18.3 (15.3 to 21.8)
14.2 (11.4 to 17.5)

All
Women
Men

204
103
101

27.2 (24.1 to 30.5)§
32.6 (27.8 to 38.3)
22.5 (19.1 to 26.6)

All
Women
Men

174
102
72

51.4 (44.8 to 59.0)§
54.9 (45.9 to 65.6)
46.9 (37.8 to 58.1)

All
Women
Men

120
87
33

108 (90.5 to 128)§
104 (85.6 to 126)
118 (81.2 to 172)

Age (years)**

p<0.0001†

p=0.05†

p=0.002†

NS†

NS†

68.1 (52.6 to 86.1)
69.9 (52.8 to 87.2)
65.2 (52.5 to 83.1)
54.9 (51.5 to 58.8)
55.2 (51.4 to 58.8)
54.6 (51.7 to 58.7)
64.8 (60.7 to 69.5)
64.7 (60.7 to 69.5)
64.8 (60.7 to 69.5)
75.0 (70.7 to 79.6)
74.6 (70.8 to 78.7)
75.9 (70.7 to 79.8)
84.1 (80.3 to 89.8)
84.5 (80.3 to 90.1)
82.6 (80.7 to 88.5)

p=0.0006‡

NS‡

NS‡

p=0.03‡

NS‡

*Geometric mean (95% confidence interval).
**Median (5th to 95th centiles).
§Trend in the plasma concentration of NT-proBNP over age groups analysed by analysis of variance: p<0.0001.
†Two sample t test; ‡Mann–Whitney test, women v men.
NT-proBNP, N-terminal pro brain natriuretic peptide.
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Age
(years)
All

50–59

60–69

70–79

>80

Sex

N

NT-proBNP (pmol/l)*

Age (years)**

All
Women
Men

130
77
53

18.7 (15.9 to 22.1)
22.1 (18.0 to 27.1)
14.8 (11.3 to 19.3)

All
Women
Men

59
39
20

13.1 (10.4 to 16.6)§
15.0 (11.5 to 19.6)
NS†
10.1 (6.4 to 16.0)

54.4 (51.5 to 58.7)
54.4 (51.5 to 58.8)
54.7 (51.4 to 57.2)

All
Women
Men

45
23
22

18.4 (14.5 to 23.5)§
25.8 (19.4 to 34.3)
p=0.003†
12.9 (9.1 to 18.5)

63.5 (60.7 to 68.9)
64.1 (61.0 to 69.3)
63.1 (60.7 to 68.6)

All
Women
Men

19
11
8

33.9 (24.6 to 46.7)§
32.4 (19.8 to 52.9)
NS†
36.1 (21.8 to 59.7)

74.9 (70.7 to 79.5)
74.3 (70.8 to 79.5)
76.8 (70.7 to 79.0)

All
Women
Men

7
4
3

83.1 (42.7 to 162)§
132 (55.3 to 313)
p=0.03†
45.0 (19.0 to 107)

83.1 (80.4 to 88.5)
83.3 (80.4 to 88.5)
83.1 (82.4 to 86.6)

p<0.02†

61.0 (51.8 to 80.4)
59.0 (51.9 to 80.4)
61.6 (51.6 to 82.4)

NS‡

NS‡

NS‡

NS‡

NS‡

*Geometric mean (95% confidence interval).
**Median (5th to 95th centiles).
§Trend in the plasma concentration of NT-proBNP over age groups analysed by analysis of variance:
p<0.0001.
†Two sample t test; ‡Mann–Whitney test, women v men.
¶Definition of “normal”: no congestive heart failure, no ischaemic heart disease, no history of hypertension,
no diabetes, no lung disease, no cardiovascular drug treatment, left ventricular ejection fraction >60%,
blood pressure <140/90, and a normal ECG.

The subjects were also submitted to apical four and two
chamber and apical long axis echocardiograms. Left ventricular systolic function was evaluated by 16 segment wall motion
score indexing, from which the left ventricular ejection
fraction was calculated by multiplying by 30.13 Heart valves
(aortic, mitral, and tricuspid) were evaluated by the colour
Doppler technique in apical four and two chamber or long axis
echocardiograms. Any sign of stenosis or incompetence led to
further assessment with continuous wave Doppler and M
mode atrial measurements. Valve defects were characterised
on a four grade scale as normal, mild, moderate, or severe.
Only subjects with valve defects described as moderate or
severe were diagnosed as having valve disease in this study.
Two independent and experienced observers evaluated all
echocardiograms.
Blood and urine samples were collected for biochemical
markers (plasma NT-proBNP, plasma creatinine, plasma glycosylated haemoglobin A1c (HbA1c), and urinary albumin/
creatinine ratio). All blood samples were collected with the
participant in a sitting position and after at least 15 minutes of
rest. Blood samples for analyses of the biochemical markers
were immediately centrifuged at 4°C and plasma samples
were stored in disposable tubes containing aprotinin (kallikrein inhibitor) in a −80°C freezer.
Plasma concentrations of NT-proBNP were measured by a
novel, highly sensitive and specific immunoassay based on a
sandwich format using unextracted EDTA plasma. The sensitivity of the assay was < 3.0 pmol/l and the intra-assay and
interassay coefficients of variation were 1.3% and 4.8%,
respectively.14
“Normal” subjects
Subjects were classified as having a very low probability of
heart disease and subgrouped as normal if the following
criteria were fulfilled: no congestive heart failure, no
ischaemic heart disease, no history of hypertension, no
diabetes mellitus, no lung disease, receiving no cardiovascular
drugs, and having a left ventricular ejection fraction of > 60%,
a blood pressure of < 140/90 mm Hg, and a normal ECG.
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Statistics
Verification of the normal distribution of continuous data was
accomplished using histograms and normal plots. Measures of
plasma NT-proBNP, plasma creatinine, urine albumin, and
plasma glycosylated haemoglobin showed a log normal distribution and were consequently logarithmically (log10) transformed. Two sample t tests were done between mean or
geometric mean values of variables in the normal patients and
all patients except the normal patients, and between mean or
geometric mean values of variables in men and women in case
of normal or log normal distribution of data; alternatively
Mann–Whitney tests were done. Dichotomous data were analysed by continuity adjusted χ2 tests. Plasma concentrations of
NT-proBNP in the different age groups for each sex were compared using one way analyses of variance. Variables potentially
associated with the plasma concentration of NT-proBNP in all
subjects, in all subjects except those diagnosed with diabetes
mellitus, and in the normal subjects were analysed by multiple linear regression analyses with backward elimination.
All tests were two sided and a significance level of 5% was
used. All tests were done using the Statistical Analysis System
(SAS Institute, Cary, North Carolina, USA).

RESULTS
Basic characteristics and measurements
The criteria for normality, as outlined in the methods section,
were met by 130 of the 672 subjects; these were consequently
classified as “normal”. Clinical characteristics, including fundamental measurements for all subjects and for subjects classified as normal, are given in table 1.
Variables independently associated with plasma
NT-proBNP
In all subjects, female sex, greater age, increasing dyspnoea,
diabetes mellitus, valvar heart disease, lower heart rate, left
ventricular ejection fraction < 45%, abnormal ECG, high
log10[plasma creatinine], low log10[plasma HbA1c], and high
log10[urine albumin] were all independently associated with a
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Table 4 Geometric mean concentrations of N-terminal pro brain natriuretic peptide
in different age and sex groups in subjects defined as normal in the study sample¶

NT-proBNP in the general population

high plasma concentration of log10[NT-proBNP] by multiple
linear regression analysis (table 2).
When leaving out subjects diagnosed with diabetes
mellitus, the same independent variables were identified: sex
(0 = female, 1 = male), regression
coefficient
(rc)
(SE) = −0.193 (0.031), p < 0.0001; age (years), rc = 0.019
(0.002), p < 0.0001; increasing dyspnoea, rc = 0.044 (0.012),
p = 0.0002; valvar disease, rc = 0.364 (0.117), p = 0.002;
heart rate (beats/min), rc = −0.005 (0.001), p < 0.0001; left
ventricular ejection fraction < 45%, rc = 0.198 (0.052),
p = 0.0002; abnormal ECG, rc = 0.182 (0.034), p < 0.0001;
log10[plasma creatinine (µmol/l)], rc = 0.279 (0.081),
p = 0.0006; log10[plasma HbA1c (%)], rc = −0.600 (0.149),
p < 0.0001; and log10[urine albumin (%)], rc = 0.078 (0.015),
p < 0.0001, intercept (0.163 (0.419), NS).
In the normal subjects, female sex, greater age, and low
diastolic blood pressure were independently associated with a
high plasma concentration of log10[NT-proBNP] (table 2).
Greater age was by far the most important independent
variable in explaining the plasma concentration of log10[NTproBNP], as in all models it was much more strongly
associated with log10[NT-proBNP] than any of the other independent variables.
As sex was also identified as a significant independent variable, plasma concentrations of NT-proBNP in various age and

Figure 2 Plasma concentrations of N-terminal pro brain natriuretic
peptide in different age and sex groups in the undivided study
sample. Horizontal bars indicate geometric mean concentrations.

Figure 3 Plasma concentrations of N-terminal pro brain natriuretic
peptide in different age and sex groups in the subjects defined as
“normal” in the study sample. Horizontal bars indicate geometric
mean concentrations. Definition of normal subject: no congestive
heart failure, no ischaemic heart disease, no history of hypertension,
no diabetes, no lung disease, no cardiovascular drug treatment, left
ventricular ejection fraction of > 60%, blood pressure < 140/90
mm Hg, and a normal ECG.

sex groups in all subjects (table 3 and figs 1 and 2) and in the
normal subjects (table 4 and figs 1 and 3) were calculated. In
all subjects and in the normal subjects, plasma concentrations
of NT-proBNP were significantly higher in women than in
men, and the mean concentration of plasma NT-proBNP
almost doubled per age decade regardless of sex or “normality” status.

DISCUSSION
This is the first population based study to confirm that the
plasma concentration of NT-proBNP increases with age and
that it is consistently higher in women than in men. In
addition, we have identified several different factors of
independent significance for the plasma concentration of the
marker.
It has been shown repeatedly that the natriuretic peptides
have significant potential as markers for left ventricular
systolic impairment and increased left ventricular dimensions, as well as for the clinical syndrome of heart failure. In
population based studies, these biochemical markers have
proved their legitimacy to such a degree that the European
Society of Cardiology has recently included a raised
concentration of any one of these peptides in the diagnosis of
heart failure.15
Focus has concentrated on BNP and its amino terminal
portion NT-proBNP, and as these markers are likely to be
incorporated into clinical practice within the foreseeable
future, an increased understanding of the physiology and
pathophysiology of the markers in a general population
setting is needed, particularly to establish normal reference
intervals.
It is generally accepted that BNP and thus NT-proBNP are
mainly released locally from the left ventricle in response to
increased wall tension or stretch,16 accounting for their value
as diagnostic markers in heart failure—a condition often
characterised by high left ventricular wall stress owing to
increased left ventricular dimensions and wall thinning.
The identification of dyspnoea,17 valvar heart disease,18–21 a
low left ventricular ejection fraction,7 and an abnormal ECG22
as variables of independent significance for the value of
plasma NT-proBNP in the present study are all readily explicable by this well known association with left ventricular wall
stress, and may thus account for the diagnostic value of the
marker.
The finding that plasma concentrations of NT-proBNP
were higher in women than in men, regardless of age or
normality status, has previously been reported in one
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Figure 1 Plasma concentrations of N-terminal pro brain natriuretic
peptide in men and women in the study sample. Horizontal bars
indicate geometric mean concentrations. Definition of “normal”
subject: no congestive heart failure, no ischaemic heart disease, no
history of hypertension, no diabetes, no lung disease, no
cardiovascular drugs treatment, left ventricular ejection fraction of
> 60%, blood pressure < 140/90 mm Hg, and a normal ECG.
NT-proBNP, N-terminal pro brain natriuretic peptide.
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Conclusions
Our population based results indicate that a single reference
interval for normal plasma NT-proBNP will probably not suffice, as adjustments for the independent effects of age and sex
appear necessary. In addition, we have identified various other
confounders involved in the interpretation of a given plasma
NT-proBNP concentration, among which impaired renal function seems to be the most important.
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population based study,23 and seems to be an important factor that needs to be taken into account when defining future
reference intervals for the marker. The association is,
however, not easily explained, though a lower volume of distribution in women than in men could partly account for the
difference.
The plasma concentration of NT-proBNP almost doubled per
age decade in the present study, regardless of sex or normality
status. This association has previously been reported in
normal subjects and probably reflects increased myocardial
mass,24 chamber specific alterations in gene expression,25 and a
possible reduction in the renal clearance of natriuretic
peptides with aging, not reflected completely by the plasma
creatinine concentration.26
The finding that a high plasma creatinine was independently associated with a high plasma NT-proBNP in our study
came as no surprise, as high natriuretic peptide concentrations have been reported in patients with renal failure27–30
and in heart failure patients with increased plasma
creatinine.23 31 As well as a reduced clearance of the natriuretic
peptides, increased cardiac afterload caused by fluid retention, leading to increased left ventricular wall stress, is a possible explanation for the effect of impaired renal function on
the plasma concentration of NT-proBNP.20 32 33 This may also be
part of the reason why a diagnosis of diabetes mellitus was
independently related to a high plasma NT-proBNP, as previous studies have shown raised BNP concentrations in diabetic
patients with and without microalbuminuria, probably
explained by the presence of an early stage of diabetic nephropathy not yet affecting the plasma creatinine level.34 It was
striking that when diabetic subjects were excluded from
analysis in our study, a high urine albumin concentration
remained independently associated with a high plasma
NT-proBNP concentration, probably reflecting the onset of
nephropathy.
We have no explanation for the surprising finding of a low
glycosylated haemoglobin concentration as a predictor of a
high plasma NT-proBNP concentration, nor for the finding
that a low heart rate was independently predictive of a high
plasma NT-proBNP concentration. The latter association was
unaffected by exclusion of subjects on treatment with β
blocking agents.
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IMAGES IN CARDIOLOGY.............................................................................
Different presentation of hypertrophic cardiomyopathy in monozygotic twins

A

69 year old woman was referred for
cardiac assessment with dyspnoea
(New York Heart Association
functional class III). Her ECG showed
sinus rhythm with right bundle branch
block and T wave inversion in inferior
leads II, III, and AVF (upper panels, A)
An echocardiogram revealed presence of
hypertrophic cardiomyopathy (HCM).
Interventricular septum was severely
thickened at 2.9 cm (lower panel, A).
There was severe inducible left ventricular (LV) outflow tract obstruction
(gradient > 70 mm Hg, post-intravenous
dobutamine infusion). She underwent
successful percutaneous ethanol septal
ablation. Her monozygotic twin sister
(sister B), confirmed by genetic examination, was asymptomatic. Her ECG
was different to sister A. There was
regression of the R waves in precordial
leads and borderline non-specific ST segment changes (upper panels, B). Both
sisters had normal blood pressure. An
echocardiogram showed no signs of LV
outflow tract obstruction and the interventricular septum was only moderately
thickened at 1.5 cm (lower panel, B). LV
diameters were also different in both
sisters (3.8 cm and 4.5 cm, A and B,
respectively). However, left atrial size
was similar (4.1 cm for both). Both
sisters had abnormal LV diastolic indices.
Mitral A wave and pulmonary venous
flow atrial reversal difference was negative (sister A −60 ms, sister B −35 ms). In
both sisters early diastolic tissue Doppler
echocardiographic indices were abnormal. Unfortunately, we have not been
able to identify the mutation of sarcomeric protein.
These monozygotic twins showed a
different phenotypic expression of HCM.
Both twins lived far away from each
other and had different habits (such as
exercise, diet). Sister A had severe LV
septal hypertrophy which required treatment while sister B was asymptomatic

with only moderate LV hypertrophy.
However, both twins had diastolic LV
dysfunction. This unique observation on
the phenotypic expression in monozygotic twins with HCM supports the
proposal that environmental factors may
have a significant impact on both the

morphological expression and clinical
presentation of HCM.
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